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THE PATENT OFFICE & _ 

This invention relates to positioning 'de- 
vices and more specifically to a device for 
rotatably supporting a workpiece and locat- 
ing said workpiece at a desired relation 
relative to its reference axis of rotation. 

During the manufacture and inspection 
of workpieces it is desirable to eliminate 
operator error and improve operating effic- 
iency. In many cases in which a work- 
piece is rotatably carried it is necessary in 
either machining or measuring to accurately 
position the workpiece with respect to the 
axis about which it rotates. This proced- 
ure ordinarily involves great amounts of 
time by skilled operators and the use of 
complicated and expensive fixtures. As 
one example, in precisely measuring a cylin- 
drical workpiece by rotating it while in 
association with a gaging device, by pre- 
liminarily making the axis of the workpiece 
and axis of workpiece rotation coincide, it 
is obvious that the gaging device will then 
indicate the configuration of the workpiece 
alone rather than provide an indication 
which includes errors or distortions caused 
by displacement of the workpiece from the 
axis of gaging rotation. Especially in ma- 
chining operations requiring high accuracy 
or the finished form and in precision gag- 
ing applications, the positioning or locating 
of a workpiece on the worktable by moving 
the workpiece thereon is difficult or im- 
possible manually, even when done bv 



D 95220/17 
mo *a±x v/ojv^c ui tma mvcuuuu iu pro- 
vide a positioning device for supporting a 
workpiece for rotation about a reference 
axis of rotation in, for example, gaging or 
machining operations, and for precisely and 
rapidly positioning said workpiece at a de- 
sired relation relative to the axis of rotation 
about which it is rotatably supported 

Another object of this invention is to 
provide such, a device having unique fea- 
tures in its workpiece supporting, rotating, 
and positioning structure, providing extreme 
accuracy in both rotation about the refer- 
ence axis and in positioning the workpiece 
relative thereto, in a device which is rugged 
and compact for rigidity and precision 
through a long service life. 

Another object of this invention is to 
provide a positioning device of the charac- 
ter referred to above, having automatic 
workpiece position control means respon- 
sive both to gaging means controlled by the 
workpiece position relative to the reference 
axis, and to the rotational positions of the 
workpiece about said axis, for comparing 
stored and active gaging signals obtained 
at opposed gaging positions between which 
the workpiece supporting table is indexed 
and positioning the supporting table along 
the axis of gaging at the indexed positions 
in accordance with the comparison obtained 

The invention will now be described by 
way of example with reference to the ac- 
companying drawings in which: — 
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We, The Sheffield Corporation, a 
corporation organized and existing under 
the laws of the State of Delaware, United 
States of America, of 721 Springfield 
Street, Dayton, Ohio, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

This invention relates to positioning de- 
vices and more specifically to a device for 
rotatably supporting a workpiece and locat- 
ing said workpiece at a desired relation 
relative to its reference axis of rotation. 

During the manufacture and inspection 
of workpieces it is desirable to eluninate 
operator error and improve operating effic- 
iency. In many cases in which a work- 
piece is rotatably carried it is necessary in 
either machining or measuring to accurately 
position the workpiece with respect to the 
axis about which it rotates. This proced- 
ure ordinarily involves great amounts of 
time by skilled operators and the use of 
complicated and expensive fixtures. As 
one example, in precisely measuring a cylin- 
drical workpiece by rotating it while in 
association with a gaging device, by pre- 
liminarily making the axis of the workpiece 
and axis of workpiece rotation coincide, it 
is obvious that the gaging device will then 
indicate the configuration of the workpiece 
alone rather than provide an indication 
which includes errors or distortions caused 
by displacement of the workpiece from the 
axis of gaging rotation. Especially in ma- 
chining operations requiring high accuracy 
of the finished form and in precision gag- 
ing applications, the positioning or locating 
of a workpiece on the worktable by moving 
the workpiece thereon is difficult or im- 
possible manually, even when done by 
IP I] 



skilled operators, with sufficient accuracy 
to enable the performance of a subsequent 
machining or gaging operation. Prior known 
devices generally employed in industry for 
rotatably supporting a workpiece shift both 
the workpiece and the reference axis or axis 
of rotation and have no provision for mov- 
ing and precisely positioning a workpiece 
relative to said axis. 

It is an object of this invention to pro- 
vide a positioning device for supporting a 
workpiece for rotation about a reference 
axis of rotation in, for example, gaging or 
machining operations, and for precisely and 
rapidly positioning said workpiece at a de- 
sired relation relative to the axis of rotation 
about which it is rotatably supported. 

Another object of this invention is to 
provide such a device having unique fea- 
tures in its workpiece supporting, rotating, 
and positioning structure, providing extreme 
accuracy in both rotation about the refer- 
ence axis and in positioning the workpiece 
relative thereto, in a device which is rugged 
and compact for rigidity and precision 
through a long service life. 

Another object of this invention is to 
provide a positioning device of the charac- 
ter referred to above, having automatic 
workpiece position control means respon- 
sive both to gaging means controlled by the 
workpiece position relative to the reference 
axis, and to the rotational positions of the 
workpiece about said axis, for comparing 
stored and active gaging signals obtained 
at opposed gaging positions between which 
the workpiece supporting table is indexed, 
and positioning the supporting table along 
the axis of gaging at the indexed positions 
in accordance with the comparison obtained. 

The invention will now be described by 
way of example with reference to the ac- 
companying drawings in which: — 
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Fig. 1 is a perspective view showing an 
exemplary application of one embodiment 
of the present invention, 

Fig. 2 is a sectional view on the line 
5 2—2, of Fig. 1. 

Fig. 3 is a sectional view of the line 
3—3, of Fig. 2, 

Fig. 4 is a perspective view showing in 
enlarged detail the means for coupling the 
10 worktable to the carrying means in the em- 
bodiment of Fig. 1, 

Fig. 5 is a view on the line 5—5 of Fig. 2, 

Fig. 6 is a view on the line 6 — 6 of Fig. 5, 

Fig. 7 is a view on the line 7—7 of Fig. 6, 
15 Fig. 8 and 9 illustrate the electrical sys- 
tem for the embodiment of the invention 
illustrated in Fig. 1, including its automatic 
control features. 

Fig. 10 is a perspective view showing an 
20 exemplary application of a second embodi- 
ment of the present invention. 

Fig. 11 is a cross sectional view on the 
line 11—11 of Fig. 10, 

Fig. 12 is a view showing the positioning 
25 of switches used to stop the worktable at 
each ninety degree index position in the 
embodiment of Fig. 10, 

Fig. 13 is a view in cross section showing 
an exemplary application of a further em- 
30 bodiment of the present invention, 

Fig. 14 is a perspective view of the coupl- 
ingmeans of the embodiment of Fig. 13, and 

Fig. 15 is a sectional view on the line 
15—15 of Fig. 13. 
35 In the embodiment of the invention illus- 
trated in Figs. 1 — 7 the device includes a 
base 10 and a carrying means, including 
a rotatable support 11, which carries a 
worktable 12 for rotation with the support 
40 on the base. 

Referring particularly to Fig. 1, a work- 
piece 13 to be precisely positioned relative 
to the axis of rotation through application 
of the present invention is initially roughly 
45 positioned and fastened on the worktable 
12. 

The position of the workpiece with re- 
spect to a fixed reference axis of rotation 
14 of support 11 is indicated by suitable 

50 signal means such as a gaging element or 
cartridge 15 carried directly on base 10. 

A console 19 is provided for housing 
electrical components and includes the auto- 
matic control system for the device. 

55 Drive means mounted on the base and 
operatively connected to the rotatable sup- 
port 11 rotates the support and the work- 
table 12 and causes a cam 17 fixed to the 
support to sequentially engage cooperating 

60 rotation responsive means such as switches 
20, . 21, 22 and 23 mounted on the base 
at predetermined angularly displaced posi- 
tions to indicate the rotational position of 
the worktable 12 and hence of the work- 

65 piece 13 carried thereon as each switch is 



engaged by cam 17. In the illustrated em- 
bodiment the switches are mounted in a 
horizontal plane and angularly displaced 
ninety degrees from each other. 

The drive means for rotating the sup- 70 
port and worktable about axis of rotation 
14 is particularly illustrated in Figs. 2 and 
5 and comprises an electric motor 24 
mounted on the base and having a shaft 
25 extending therefrom to which is attached 75 
a sprocket 26. Sprocket 26 engages a noise- 
less chain 27 which drives, through sprocket 
28 and gear assembly 31, a large gear 30 
fixed to support 11. Motor 24 is ener- 
gized and deenergized by switches 20 80 
through 23 through automatic control sys- 
tem to rotate and stop table 12 in an auto- 
matic and sequential manner. 

Load carrying bearing means between the 
base 10 and the support 11 are precision 85 
antifriction ball bearings 32 held in posi- 
tion between precision lapped surfaces in 
accurately spaced holes in a disc shaped 
member 34 which is constructed of a hard 
fibrous materiaL The number and arrange- 90 
ment of ball bearings 32 assures adequate 
bearing support while permitting free rota- 
tional movements of the support and work- 
table. 

To radially locate support 11 on base 10 95 
and determine axis of rotation 14, precision 
ball bearings 37 positioned in cylindrical 
cage 35 cooperate between post 38 on sup- 
port 11 and cylindrical portion 36 on the 
base. The diameters of bearings 37 and 100 
the surfaces between which they cooperate 
are very precisely formed and held to assure 
virtually no radial movement 

The support 11 carries the worktable 12 
and is coupled therewith for simultaneous 105 
rotation by coupling means illustrated in 
perspective as a slide assembly 40 in Fig. 
4. Slide assembly 40 permits rectilinear 
adjustment in two mutually perpendicular 
directions. 110 

Actuating means such as actuating drive 
motors 41 and 42 illustrated in Fig. 3, are 
provided for adjusting the worktable rela- 
tive to support 11. Motor 41 is fastened 
to the support 11 and rotates a threaded 115 
shaft 43 which engages a cooperating nut 
44 which is held against rotation and guided 
for sliding rectilinear movement. As shaft 
43 rotates, the nut 44 slides forward and 
applies a force substantially radially to the 120 
axis of rotation to post 45 of worktable 12 
through a bearing unit 48 which allows 
relative movement of post 45 transverse to 
the direction of force application thereby 
moving the worktable rectilinearly in one 125 
direction against a compression spring 46 
fastened to'support 11. Spring 46 engages 
the worktable at 47 through a similarly 
functioning bearing unit 49. Bearing units 
48 and 49 assure free movement of work- 130 
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table 12 along a path transverse to move- 
ment caused by drive motor 41, and trans- 
verse movement of worktable 12 caused by 
drive motor 42 will be unobstructed. Energy 

5 for moving the table in the opposite direc- 
tion as nut 44 retracts with opposite rota- 
tion of motor 41 is provided by the com- 
pressed spring 46. Spring 46 also assures 
that there is no backlash in the actuating 

10 system. 

In an identical manner actuating motor 
42 is fastened to support 11 and rotates an- 
other threaded shaft 50 which engages a 
cooperating nut 51 which is held and guided 

16 for sliding rectilinear movement as it engages 
the worktable at 52 through bearing unit 
48. Another spring 53 engages the work- 
table at 54 through bearing unit 49, to 
enable operation in a manner as previously 

20 described in connection with motor 41 and 
spring 46. Actuating motors 41 and 42 
lie in a common plane perpendicular to the 
axis of rotation for compactness and result- 
ing rigidity and precision in operation. 

26 Thus through selective energization of 
motors 41 and 42 worktable 12 is posi- 
tioned relative to support 11 and axis of 
rotation 14 in mutually perpendicular direc- 
tions. 

30 Switches 20, 21, 22, and 23 are sequen- 
tialty actuated by cam 17 as previously 
mentioned and as cam 17 engages a given 
switch, dynamic braking is applied to stop 
support 11 and coupled table 12 at the 

36 positions established by the actuated switch. 
To simplify the electrical circuitry re- 
quired and to assure that electrical energy 
is provided to motors 41 and 42 as re- 
quired, two electrical contact sets 56 and 

40 57 are fixed to the base 10 and spaced apart 
180 degrees. Contact sets 56 and 57 are 
alternately engaged by one of two movable 
electrical contact sets 60 and 61 which are 
spaced apart ninety degrees and fixed to 

45 the support 11 for rotation therewith. The 
arrangement of the contacts, illustrated in 
Fig. 5. assures that only one fixed contact 
and one rotatable contact is brought into 
cooperating engagement as cam 17 engages 

50 each switch 20, 21, 22, or 23 to stop the 
support at the 0°, 90°, 180°, or 270° posi- 
tions respectively, thereby assuring that elec- 
trical energy is provided to only one elec- 
trical actuating motor at a time and alter- 

55 natively to the motors at sequential ninety 
degree stopping positions. 

The initial placement of switches 20, 21. 
22, and 23 to define the 0°, 90°. 180°. or 
270° positions respectively, is arbitrary and 

00 fixed contacts 56 and 57 are fixed on the 
base 180° apart for example in line with 
the 0° and 180° positions. 

As will be apparent from Fig. 5. as cam 
17 engages switch 20 at the 0° position and 

o5 switch 22 at the 180° position, stationary 



and rotatable contact sets to motor 41 are 
in engagement and the axis of motor 41 
is in a plane radial to the axis of rotation 
and including gaging cartridge 15 to accom- 
plish rectilinear movement of the worktable 70 
along the gaging axis. 

Likewise as cam 17 engages switches 21 
and 23 at the 90° and 270° positions re- 
spectively, contact sets are in engagement 
to motor 42 to accomplish rectilinear move- 75 
ment of the worktable along an axis 90° 
thereto also substantially coinciding with 
the gaging axis. Thus the indexed gaging 
and actuating positions are obtained with the 
cooperating components in the desired 80 
operational relationship. 

The operation of the electrical system 
including its automatic control features will 
be described only with relation to the pre- 
viously mentioned axis defined by the 0° 85 
and 180° positions. The electrical com- 
ponents necessary to enable centering about 
any other axis, such as the transverse axis 
in the illustrated embodiment would be 
identical. 90 

The circuitry for automatic positioning 
through control of actuating motors 41 and 
42 and drive motor 24 from signals pro- 
vided by cartridge 15 and switches 20 — 23 
will now be described. 95 

To start the automatic cycle a switch 70 
is manually closed to energize control relay 
71 which closes contacts 71a and 71b. 

Closing contacts 71a keeps relay 71 ener- 
gized after switch 70 is released while clos- 100 
ing contacts 71b completes a circuit to the 
table drive motor 24 and conventional 
power supply therefor to rotate the table 
until cam 17 engages switch 20 at the 0° 
position. 105 

Switch 20 completes a circuit to a con- 
trol relay 72 which closes contacts 72a and 
opens contacts 72b. 

Opening contacts 72b deenergizes relay 
71 allowing contacts 71b to open and stop 110 
the table drive motor 24 at said 0° position. 
The table stops practically instantaneously 
because the drive motor applies dynamic 
braking to the table in a conventional man- 
ner. H5 

Closing contacts 72a completes a circuit 
to a conventional cam timer 73 having a 
motor 74 which actuates cam switches 75 
through 84 individually in accordance with 
a predetermined sequence of actuation as 120 
well as a predetermined time interval for 
each switch, for example an equal time in- 
terval of 15 seconds for each switch. Li 
the present illustration the switches are 
actuated consecutively. 125 

Cam timer motor 74 closes cam switch 
75 first to complete a circuit energizing a 
control relay 85. Relay 85 closes contacts 
85a permitting the signal from gaging cart- 
ridge 15 to be applied through a tachometer 130 
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mixer 86 and through a conventional servo 
amplifier 87 to motor 41. The tachometer 
mixer 86 (also having connections to tacho- 
meter generator 93) includes a DC to AC 
5 chopper 88 which converts the DC signal 
from the cartridge 15 to an AC signal which 
is amplified in differential amplifier 89. 
Motor 41 moves the worktable 12 and work- 
piece 13 mounted thereon until gaging cart- 
10 ridge 15 reaches its null position. This is 
normally accomplished well within the time 
established for each cam switch to remain 
closed. 

Switch 76 closes next to energize a con- 

15 trol relay 91 thereby closing contacts 91a 
also enabling the gaging signal from cart- 
ridge 15 to be amplified through amplifier 
92 and supplied through servo amplifier 94 
to a servo motor 95 for the 0° position. 

20 Motor 95 positions an infinitely adjustable 
wiper 96 along a slidewire potentiometer 
97 which is included in a balancing net- 
work 100 to store the 0° position gaging 
signal after positioning for use later in the 

25 automatic cycle. 

The balancing network disclosed is simi- 
lar to the type used in a self-balancing po- 
tentiometric recorder. The cam timer con- 
tinues through its automatic cycle opening 

30 switch 76 thereby deenergizing control relay 
91 and assuring that the gaging signal from 
cartridge 15, as it engages workpiece 13 
at the time 0° position, remains mechanic- 
ally stored on slidewire 97 when the work- 

35 piece rotates beyond that position. 

The cam timer motor 74 of timer 73 con- 
tinues to rotate closing cam switch 77 which 
energizes a control relay 101 to close con- 
tacts 101a which energize relay 71 thereby 

40 closing contacts 71b and start the table 
rotating away from the 0° position. 

Similar circuitry is provided for and simi- 
lar operations are performed at the 90° 
and 270° positions as for the 0° position 

45 first described and for the 180° position 
now to be described. For simplicity of dis- 
closure and to avoid repetitious subject 
matter, details of circuitry and operations 
at the 90° and 270° positions have been 

50 omitted. 

After leaving the 90° position and upon 
reaching the 180° position switch 22 is ener- 
gized completing a circuit to a control re- 
lay 102. 

55 Relay 102 opens contacts 102a and b 
and closes contacts 102c. Opening contacts 
102a deenergizes control relay 71 to stop 
the table drive motor 24 as previously des- 
cribed; while opening contacts 102b assures 

60 that power is not supplied to a control relay 
101. Closing contacts 102c completes a 
circuit to once again start cam timer motor 
74 and continue it through its cycle and 
close cam switch 78 next. 

65 Cam switch 78 completes a circuit to 



a control relay 108 which closes contacts 
108a which permits the active signal from 
cartridge 15 (the active gaging signal being 
in each instance that signal which is used 
while the worktable is at the gaging posi- 70 
tion where the signal is obtained) to be 
amplified through amplifier 92 and sup- 
plied through servo amplifier 103 to a servo 
motor 104 for the 180° position which in- 
finitely positions a wiper 105 along a slide- 75 
wire potentiometer 106 included in balanc- 
ing network 100 in accordance with the 
active gaging signal. The circuit in net- 
work 100 is balanced so that the 0° posi- 
tion stored signal is compared with the 80 
180° position active signal so that the aver- 
age of the active and stored signals is fed 
to amplifier 112. 

Cam timer motor 74 continues through 
its cycle opening switch 78 and closing cam 85 
switch 79. Switch 79 energizes a control 
relay 111 which closes contacts Ilia and b. 
Closing contacts 111a energizes control re- 
lay 85 to complete a circuit to motor 41 as 
previously described, while closing contacts 90 
111b completes a circuit through amplifier 
112- differential amplifier 113, and through 
tachomixer 86 to cause motor 41 to move 
the worktable and workpiece in accordance 
with the stored and active signals. 95 

The described movement between the 0° 
and 180° positions is accomplished as the 
active signal from cartridge 15 at any in- 
dexed position is compared to the average 
of the stored and active signal fed from 100 
balancing network 100 to amplifier 112 at 
amplifier 113 causing motor 41 to drive 
the worktable 12 carrying workpiece 13 
until the output of amplifier 113 is approxi- 
mately zero. This occurs when the signal 105 
from gaging cartridge 15 equals the aver- 
aged signal coming from amplifier 112 and 
represents approximately one-half of the 
difference between the stored signal and the 
initial active signal. Gaging cartridge 15 110 
continuously monitors the workpiece and 
worktable position while it is moving in a 
linear manner, until the signal from cart- 
ridge 15 equals the averaged signal. 

Thus it is seen that motor 41 will move 115 
worktable 12 one-half of the difference be- 
tween the 0° and 180° position stored and 
active gaging signals. 

Because, for full positioning, adjustment 
of worktable 12 are made Tn transverse 120 
directions (0°— 180° axis and 90°— 270° 
axis) and adjustment along each axis may 
disturb the centering obtained along the 
other, the cycle is repeated until the de- 
sired refinement in centering is obtained. 125 
For this reason after positioning a new sig- 
nal for the 180° position is obtained and 
stored. This is accomplished as cam motor 
74 continues to rotate opening switch 79 
and closing switch 80 to complete a circuit 130 
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to relay 108 which closes contacts 108a 
and enables the signal from gaging cartridge 
15 to be fed through the 180° servo ampli- 
fier 103 to servo motor 104 thereby posi- 
5 tioning wiper 105 along potentiometer 106 
to store a new gaging signal thereon cor- 
responding to the new location to which 
the workpiece 13 and worktable 12 have 
been moved at the 180° position. 

10 As cam motor 74 continues to rotate 
switch 80 is opened and cam switch 81 ener- 
gized next thereby energizing a control re- 
lay 114. Relay 114 closes contacts 114a 
to energize control relay 71 which starts 

15 drive motor 24 through circuitry as pre- 
viously described. 

Worktable 12 is stopped at the 270° posi- 
tion, the stored 90° and active 270° signals 
are compared and the worktable 12 is posi- 

20 tioned along the 90°— 270° axis by motor 
42. Drive motor 24 rotates worktable 12 
toward the 0 q position until cam 17 closes 
switch 20 which energizes control relay 
72. Relay 72 opens contacts 72b and c to 

25 stop the table drive motor 24, and closes 
contacts 72a to start cam motor 74 which 
closes cam switch 82. 

Cam switch 82 energizes control relay 91 
to close contacts 91a and cause the active 

30 signal from cartridge 15 indicating the new 
location of workpiece 13 relative to cart- 
ridge 15 at the 0° position to be fed to 
balancing network 100 as previously des- 
cribed. The new active signal is compared 

35 with the signal previously stored at the 
180° position so that the average of the 
active and stored signals is fed to amplifier 
112. 

If greater accuracies in centering are de- 

40 sired, the signal from gaging cartridge 15 
may at this point in the cycle be centered 
to a new reference position and the ampli- 
fication of the system increased to thereby 
achieve the desired accuracy. 

45 As cam motor 74 continues to rotate 
switch 82 is opened and 83 closed thereby 
energizing control relay 111 which in turn 
energizes relay 85 and as previously des- 
cribed cause motor 41 to move the table 

50 12 and workpiece 13 in accordance with the 
signal from amplifier 112. 

As cam motor 74 continues to rotate cam 
switch 84 completes a circuit to energize 
a control relay 115 which closes contacts 

55 115a and b. 

Gosing contacts 115a completes a cir- 
cuit to keep relay 115 energized after switch 
*4 completes its cycle. While contacts 115b 
are kept closed and provide a circuit to 

60 energize control relay 116 as switch 84 
returns to its initial position. 

Relay 116 opens contacts 116a to re- 
move the source of power from cam timer 

65 The initial positioning at 0° and 180° 



positions and the refinement at a second 
180° positioning to compensate for varia- 
tions introduced at the 90° and 270° posi- 
tions has been described. The same opera- 
tions occur at the 90° and 270° positions. 70 
The cycles may be continued for a predeter- 
mined number of revolutions of worktable 
12 depending upon the degree of refine- 
ment desired. Inasmuch as the circuitry 
for obtaining a repetition of the cycle des- 75 
cribed for a predetermined number of re- 
volutions is conventional it has not been 
disclosed. 

To summarize, at the 0° position the 
workpiece is positioned along the gaging 80 
axis until the workpiece surface being en- 
gaged is at a nominal radial displacement 
from the axis of rotation for a workpiece 
of nominal configuration and diameter. At 
180° the worktable is positioned until the 85 
active signal from amplifier 92 (which varies 
as the workpiece is adjusted) and the 
signal from amplifier 112 are equal as com- 
pared by differential amplifier 113. The sig- 
nal from amplifier 112 will be reflective of 90 
one-half the difference between the stored 
0° signal and the initial active signal at 
180°. As previously described, similar 
operations occur at the 90° and 270° posi- 
tions. It is necessary to return to the 0° 95 
position and repeat the operation to com- 
pensate for any 0°— 180° position error 
introduced by 90°— 270° positioning if, for 
example, a workpiece which is not round 
is being positioned. Thus if at the first 100 
270° indexed position or any subsequent 
indexed position two consecutive accept- 
able checks have been made without posi- 
tioning adjustment being required the work- 
piece is properly located. 105 

To indicate when the worktable 12 and 
workpiece 13 are positioned within and 
acceptable tolerance limit with respect to 
reference axis 14 a null detector 98 is pro- 
vided which operates in cooperation with 110 
differential amplifier 113. The null detector 
has an adjustment screw 99 for setting the 
desired acceptable tolerance limit. In ad- 
dition a signal light 109 is provided on the 
null detector to indicate when the work- 115 
piece 13 has been positioned within the 
acceptable tolerance limit to enable manual 
stopping of the cycle. Likewise circuitry 
could be provided in a conventional man- 
ner to automatically stop the table by use 120 
of signals from the null detector for both 
axes of adjustment. It is, of course, pos- 
sible and completely within the scope of this 
invention to electrically interconnect the 
null detector for the 0° and 180° position 125 
with the null detector for the 90° and 270° 
tranverse axis and when the null detectors 
reach a predetermined relationship with no 
adjustment required at two consecutive in- 
dexed positions, conventional electrical cir- 130 
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cuitry is used to shut off the power supply 
to the rotary table and stop the centering 
cycle. 

In order to start the automatic cycle again 
5 it is necessary to momentarily energize 
switch 70 thereby deenergizing relay 115 
and setting up the circuit for the automatic 
sequence. 

The sequencing of this unit has been 

10 achieved by using a cam timer and estab- 
lishing the time sequence for each opera- 
tion. It is, of course, completely within 
the scope of this invention to use null de- 
tectors in cooperation with the servo am- 

15 plifiers to advance the positioning or center- 
ing sequence as null is reached. 

In the embodiment of the invention illus- 
trated in Figs. 10 through 12, provision is 
made for both transverse and inclining 

20 modes of positioning through shifting of a 
workpiece transverse the axis of rotation 
and inclining or pivoting of the workpiece 
relative thereto in order that desired 
positioning of the workpiece relative 

25 to the axis can be fully obtained. 
The device of this embodiment includes a 
base 120 and a carrying means 121 which 
supports worktable 122 for rotation as well 
as both transverse and inclining positioning 

30 relative to the axis of rotation 123. Carry- 
ing means 121 includes support 118 rotat- 
ably mounted on base 120 through bearing 
structure substantially identical to that of 
the embodiment of Figs. 1 — 7. 

35 A carrier 119, providing supporting means 
for worktable 122, is carried on support 
118 for transverse movement relative to the 
axis of rotation through bearing 125, and 
in turn supports worktable 122 for pivoting 

40 movement relative to the carrier and said 
axis through part spherical bearing assem- 
bly 126. Carrier 119 is rotatably driven 
with support 118 through a coupling key 
assembly 127 which accommodates trans- 

46 verse movement. Worktable 122 is driven 
from support 118 independent of its sup- 
porting structure through coupling means 
130, one of which appears in Fig. 11, which 
drives while accommodating both trans- 

50 verse and pivoting or mclining movement 
of the worktable relative to the rotatable 
support. Support 118 is rotatably driven 
from motor 131 through a sprocket, chain, 
and gear arrangement, and its indexed posi- 

55 tions are signaled by a cooperating cam 132 
and spaced switches 133 — 136 respectively 
at the 0°, 90°, 180°, and 270° positions 
(see Fig. 12) all similar in structure and 
function to corresponding components in 

60 the embodiment of Fig. 1 — 7. 

A workpiece 124 to be precisely posi- 
tioned relative to the axis of rotation 123 
is initially roughly positioned and fastened 
on the worktable within a predetermined 

65 area. Signal means are provided for en- 



gaging workpiece 124 and for signalling the 
movement thereof with respect to predeter- 
mined reference positions. A gaging car- 
tridge 128 of the type previously referred 
to is provided for signalling horizontal dis- 70 
placement transverse to said reference axis 
123 and a similar gaging cartridge 129 is 
provided for signalling vertical movement 
of the workpiece caused by inclining move- 
ments of the worktable 122 relative to said 75 
axis 123. Gaging cartridges 128. and 129 
engage and signal the position of the work- 
piece at each angularly displaced position. 

As previously described carrying means 
121 carries worktable 122 thereon for rotat- 80 
ing movement as it is driven by drive motor 
131. Actuating means are provided for ad- 
justing and inclining said worktable 122 
with respect to said axis of rotation 123. 
First actuating means for transverse adjust- 85 
ment includes a pair of actuating drive 
motors, one of which is indicated at 137 
in Fig. 11, lying in a common plane per- 
pendicular to the axis of rotation 123 and 
arranged to apply forces in a horizontal 90 
plane and along paths at 90° to each other. 
The following description is directed to the 
actuating structure associated with motor 
137 in Fig. 11, it being understood that 
similar structure is associated with the sec- 95 
ond actuating motor of this pair which is 
not illustrated. Actuator 137 is fastened 
to the support 118 and rotates a threaded 
shaft 140 which is effective through nut 141 
and bearing means 142, as in the embodi- 100 
ment of Figs. 1 — 7. to apply forces substan- 
tially radially to the axis of rotation to 
carrier 119. Thus worktable 122 is moved 
rectilinearly in that direction against an op- 
posing compression spring 143 fastened to 105 
support 118 and engaging carrier 119 at 
144 through a similarly functioning bearing 
means 145. Bearing means 142 and 145 
assure free movement of carrier 119 and 
worktable 122 along a path transverse to 110 
movement caused by drive motor 137. 
Energy for moving carrier 119 in the oppo- 
site direction is provided by the compres- 
sion spring as nut 141 retracts with oppo- 
site rotation of motor 137. Spring 143 also 115 
assures that there is no backlash in the 
actuating system. 

As discussed above, a second actuating 
motor of this pair operates in a similar 
manner to achieve motion in the same plane 120 
and in a transverse direction. 

The inclining means includes a pair of 
actuating drive motors, one of which is illus- 
trated at 146 in Fig. 11, fastened on carrier 
119 and also lying in a common plane 125 
parallel to the plane of the transverse drive 
motors. The inclining drive motors are 
supported on carrier 1 19 for operation along 
paths at 90 degrees to each other against 
a projection or post 147 on worktable 122 130 
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extending downward centrally below part 
spherical bearing 126. Each of the inclin- 
ing actuating motors operates for tilting 
movement of worktable 122 by movement 

5 of post 147 in one direction, while allow- 
ing transverse movement of post 147 by 
the other actuating motor of the pair, 
through actuating structure similar to that 
involved in the transverse mode of adjust- 

10 ment of the worktable. 

To achieve inclining motion in a 90° 
transverse direction the other actuating 
motor of the inclining pair operates in a 
manner as previously described for illus- 

15 trated motor 146. 

An electrical console 139 is provided for 
housing electrical components including 
control system components which provide 
for automatic centering and leveling of the 

20 worktable and hence of the workpiece car- 
ried thereby. 

The electrical system for the embodiment 
illustrated in Figs. 10 through 12 operates 
in an identical manner as that illustrated 
in Figs. 8 and 9 for the embodiment of 

25 Figs. 1—7. Consequently, the electrical 
system will not be described in detail. It 
will be readily apparent that the electrical 
system previously described can be applied 

30 to the transverse adjusting means operating 
in conjunction with signals from cartridge 
128 as well as operation of the inclining 
means operating in conjunction with signals 
from cartridge 129. also operating in con- 

35 junction with the position responsive 
switches 133—136 of this embodiment. 

In the embodiment of the invention illus- 
trated in Figs. 13 through 15. provision is 
made as in the embodiment of Figs. 10 — 12, 

40 for transverse and inclining modes of posi- 
tioning movements. The worktable sup- 
porting structure and load carrying bear- 
ings between the base, rotatable support, 
carrier and worktable arrangements are 

45 substantially identical to and operate in a 
similar manner as the structure of the em- 
bodiment of Figs. 10—12. In this embodi- 
ment the base 160 supports carrying means 
161 which includes a support 162 rotatably 

50 mounted on the base and a carrier 163 
mounted for transverse movement on sup- 
port 162 which in turn supports worktable 
164 for inclining movement on the carrier. 
Likewise the means for coupling the 

55 support 162. carrier 163 and worktable 
164 for simultaneous rotation are basically 
identical to that of the next previous em- 
bodiment. A key 174 for coupling the 
support to the carrier is illustrated in Fig. 

50 14. Fig. 13 illustrates the key arrangement 
for coupling the carrier 163 to the work- 
table 164. The drive and positioning signal- 
ing structure for support 162, as well as the 
arrangement of gaging cartridges for detect- 
or ing workpiece position are also similar to 



corresponding structure in the next previous 
embodiment 

The support 162 rotates about fixed axis 
of rotation 165 and has an upwardly ex- 
tending projection 166 against which a pair 70 
of actuating motors disposed relatively at 
90° react to adjust the carrier 163 in a 
transverse mode with respect to axis of 
rotation 165. In this embodiment each ad- 
justing motor is fastened rigidly to carrier 75 

163 and moves the carrier relative to sup- 
port 162 by applying a force against pro- 
jection 166. Only one of the transverse 
adjusting motors is illustrated at 167 in Fig. 

13. The other motor of the pair lies in the 80 
same plane and also provides transverse 
movement by applying a force against pro- 
jection 166. 

Compression springs are provided, one 
acting in opposition to each transverse ad- 85 
justing motor. In the illustrated applica- 
tion spring 170 is shown parallel to the 
plane of the adjusting motors, to eliminate 
backlash in the transverse adjusting system 
and to provide energy to move carrier 163 90 
during retraction of the transverse adjust- 
ing motors. Thus transverse movement of 
carrier 163 on support 162 is obtained with 
corresponding movement of worktable 164. 

The worktable has a downwardly extend- 95 
ing projection or extension 168 extending 
centrally below its part spherical bearing 
support 173 which is arranged with clear- 
ance with respect to upwardly extending 
projection 166 as illustrated in Fig. 15 to 100 
allow relative inclining movement there- 
between in transverse directions. For in- 
clining actuation a pair of actuating drive 
motors fastened to carrier 163 react against 
arm 168 to incline and tilt the worktable 105 

164 with respect to the reference axis of 
rotation 165. Only one of the pair of ac- 
tuating motors provided for inclining move- 
ments of the worktable is illustrated in Fig. 

13 at 171. For inclining actuation during 110 
motor retraction and to eliminate lost mo- 
tion or play in the actuating system, in the 
illustrated embodiment a tension spring is 
provided between the carrier and worktable 
for each inclining actuating motor. One of 115 
such springs is indicated at 172 in Fig. 13. 
The mclining motors and tension springs 
provide for tilting actuation of worktable 
164 in part spherical bearing 173. 

As will be apparent from Fig. 13 actuat- 120 
ing motors 171 and 167 lie in a common 
plane perpendicular to the reference axis of 
rotation 165, as do the other motors of the 
respective pairs provided for transverse ad- 
justment and inclining modes of operation. 125 

This arrangement of actuating compon- 
ents including the actuating motors in a 
common horizontal plane in the embodi- 
ment of figs. 13 — 15 achieves the ultimate 
in compactness and rigidity with resultant 130 
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precision in movement and efficiency of 
operation. Automatic positioning for this 
embodiment through energization of the 
actuating motors and support rotation motor 
5 is by means of the circuitry of Figs. 8 and 9. 
It will be appreciated that in the present 
invention precision in both rotation and 
. workpiece {positioning relative to the axis 
of rotation is essential. 

10 In each embodiment of this invention the 
device is horizontally extended and vertic- 
• ally compact while supporting the workpiece 
centrally of the supporting bearings which 
are themselves of wide radius and vertic- 

15 ally adjacent. This provides the ultimate 
in rigidity for the necessary precision rota- 
tion and positioning. Unique features of 
the present invention making possible econ- 
omy of manufacture and providing compact- 

20 ness and rigidity for precision operation in- 
clude the disposition of the actuating means 
in common radial planes as well as the full 
independence of rotational drive, table sup- 
porting, and table actuating structure. Also 

25 in each embodiment the supporting struc- 
ture extends vertically between support and 
worktable about actuating mechanisms situ- 
ated centrally therewithin thus in a sense 
intermeshing vertically for compactness. 

30 Through the unique positioning cycle pro- 
vided by the controlling circuitry of this in- 
vention precision positioning is made pos- 
sible in both transverse and inclining modes. 
Sequential indexing and adjustments 

35 through automatic comparison of stored and 
active gaging signals at the indexed posi- 
tions insures precision positioning by se- 
quential refining of location rapidly and 
efficiently. 

40 WHAT WE CLAIM IS:— 

1. A device for supporting a workpiece 
having a central' axis for rotation about an 
axis of rotation and for positioning said 
workpiece so that said central axis is 

45 brought to coincide with said axis of rota- 
tion, comprising a base, a support rotatably 
mounted on said base for rotation about 
said axis of rotation, drive means con- 
nected to said support for rotation thereof, 

50 a worktable carrying said workpiece 
mounted thereon and carried on said sup- 
port, bearing and coupling means intercon- 
necting said support and said worktable for 
simultaneous rotation thereof while allowing 

55 corrective relative shiftings of position there- 
between, gaging means carried directly on 
said base and providing at least one gaging 
signal responsive to the position of the 
workpiece with respect to said axis of rota- 

60 tion, each of said gaging means being re- 
lated to a first one and a second one of 
two actuating motors carried by said work- 
table and respectively connected to a first 
one and a second one of two force trans- 



mitting means cooperating between each 65 
respective actuating motor and said work- 
table for applying positioning forces to said 
worktable and which are substantially radi- 
ally to said axis of rotation and relatively 
spaced at ninety degrees thereabout so as 70 
to allow relative movement transverse the' 
direction of force application, this device 
still comprising electrical switching means 
mounted on said base and support to con- 
trol said drive means and said actuating 75 
motors, a cam timer controlling said switch- 
ing means to set the support and the work- 
table sequentially on a plurality of posi- 
tions which are indexed about said axis of 
rotation a first of said positions being de- 80 
fined such that the direction of force trans- 
mitted by said first transmitting means is 
brought into a fixed working plane contain- 
ing said axis of rotation and the contact- 
ing point of said gaging means upon the 85 
workpiece surface and a second of said 
positions being defined such that it is the 
direction of force transmitted by said second 
force transmitting means which is brought 
into the same fixed working plane, said 90 
device being further characterized by an 
electronic set including, cooperative with 
each of said gaging means, a balancing net- 
work designed to record the gaging signals 
issued from said gaging means when said 95 
worktable is successively placed on two 
indexed positions angularly spaced 180° 
from each other and to store an output 
signal equal to the average value of said 
two signals, and a tachometer mixer de- 100 
signed to receive said average signal when 
the worktable is further sequentially stopped 
on said first one then on said second one 
of said indexed positions and to sense, on 
each one of said positions, the difference 105 
between said average value and the actual 
signal given by said gaging means on said 
position, and to deliver through an ampli- 
fier a resulting signal output equal to this 
difference to said first actuating motor on 110 
said first position, then to said second actu- 
ating motor on said second position until 
said resulting last signal is nullified on each 
of said two positions. 

2. A device according to claim 1, where- 115 
in the worktable is mounted on the support 
through bearing and coupling means allow- 
ing corrective shiftings of the worktable 
position parallel to said axis of rotation, 
such correction needing only one gaging 120 
means used cooperative with one single pair 
of motors connected respectively to the 
two force transmitting means of a single 
corresponding pair of force transmitting 
means, each one of the latter compris- 125 
ing thrust bearing means acting on two 
opposite faces of a vertical post of 
square cross section solid with the work- 
table, said post being movable along one 
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direction by means of a nut pressing a first 
face of said post through one of said bear- 
ing means and co-operating threadedly with 
a threaded shaft driven in rotative move- 
ment by a motor, the opposite face of the 
post being pressed through the other bear- 
ing by means of a spring. 

3. A device according to Claim 1. 
wherein the worktable is mounted on the 
support through bearing and coupling 
means allowing said worktable to have, with 
respect to said support, two kinds of cor- 
rective shiftings, the first one being a shift- 
ing parallel to the support axis and needing 
therefor a first gage radially directed, a 
first pair of motors, a first pair of force 
transmitting means and a worktable sup- 
porting carrier driven in synchronous rota- 
tion by the support and actuated by said 
first pair of actuating means, the second 
corrective shifting being a pivotal shifting 
of the worktable axis respective said axis of 
rotation and needing therefor a second gage 
axially directed, a second pair of motors, 
a second pair of force transmitting means 



applied directly to a post solid with said 
worktable and co-operating with a spherical 
bearing assembly managed between said 
carrier and said worktable to allow the re- 
quired corrective pivoting of said worktable. 

4. A method of measuring a workpiece 
having a central axis, said method utilizing 
the device according to any one of Claims 
1 to 3 and including a first measure storing 
step performed during the positioning of the 
workpiece in two 180° spaced positions and 
by a second measure comparing and cor- 
rective step performed during the position- 
ing of the worktable in two 90° spaced posi- 
tions. 

5. ^ A workpiece positioning device sub- 
stantially as described and shown in the 
accompanying drawings. 

For the Applicants, 
R J. CLEVELAND & COMPANY. 
Chartered Patent Agents, 
Lincoln's Inn Chambers, 
40-43 Chancery Lane. 
London, W.C.2. 
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